INTRODUCTION
Tinnitus is the perception of sound that has its origin within the body. It may be either intermittent or continuous. It is commonly reported by the victim of noiseinduced hearing loss (NIHL) but may represent the first symptom of a variety of disease processes. Tinnitus is directly related to noise exposure. There is a 70% increased risk of developing tinnitus with a positive history of occupational noise exposure when compared to those without a history of noise exposure (Coles, 1984b) . Tinnitus of short duration (up to 15 minutes) has been reported following only a few minutes exposure to acoustic stimuli great enough to produce auditory fatigue (Atherley, Hempstock, & Noble, 1968) . Occupational noise exposure and recreational noise exposure probably cause more new cases of tinnitus than all other etiologies combined (Miller & Jakimetz, 1984) . It is not always possible to unequivocally determine the etiology of the noise exposure associated with the individual 's tinnitus. The potential sources of non-work related noise exposure are numerous, and may include exposure while attending rock concerts, listening to uereos, participation in sports such as hunting and hobbies such as model airplane flying. Another potential source of annitus is noise exposure during active nilitary duty.
Some patients suffer more from their Innitus than from their hearing loss (Tyler XL Baker, 1983) . Tinnitus associated with !HHL is usually high pitched (Axelsson & andh, 1985) , and in general, the greater the NIHL the more chance there is of developing tinnitus. Man and Naggan (1981) investigated 102 cases of NIHL (in the age group of18 to 35 years) and found a clear correlation between the maximum hearing loss and the severity of tinnitus. However, Lindberg, Lyttkens, Melin, and Scott (1984) questioned 1091 patients with tinnitus (those with nonspecific diagnoses) and failed to reveal a correlation between the severity of tinnitus and the reported amount of hearing loss. Reed (1960) studied 200 patients and found no relationship between the objectively determined loudness of a patient's tinnitus, type of deafness or hearing loss.
Some victims of tinnitus appear to tolerate their symptoms with little difficulty. Yet others suffer from a wide variety of difficulties including emotional problems, altered lifestyles, general health problems, hearing problems (Coles, 1984a; Tyler & Baker, 1983) , work-related problems (Jakes, Hallam, Chambers, & Hinchcliffe, 1985) , difficulties with speech understanding, concentration and insomnia (Axelsson & Sandh, 1985) . The combined impact of these problems in the work place is neither well appreciated nor well understood.
Noise-induced tinnitus is covered only briefly in most occupational medical texts and there are relatively few researchers investigating tinnitus secondary to NIHL.
The potential problems associated with tinnitus in the work place include increased absenteeism, difficulty understanding telephone conversations, increased risk of accidents, difficuity witn concentration, frustration, depression, tiredness, irritability, and many other factors which may decrease productivity. In addition, the employer may be liable for acquired tinnitus associated with work. Tinnitus is frequently caused by NIHL and can easily be prevented by developing and following a hearing conservation program and by educating workers to report any early episodes of tinnitus or hearing loss so that they may be provided with hearing protectors or changed to a less noisy job.
CATEGORIES AND CAUSES
There are two major categories of tinnitus (Tyler & Babin, 1986 ). The first is middle-ear tinnitus, which is generated by the para-auditory structures and is either mechanical or vascular in origin. The most common mechanical cause is palatomyoclonus, but it also includes tensor tympani myoclonus and stapedial myoclonus (Schleuning, 1982) . Tinnitus of vascular origin is nearly always pulsatile and is synchronous with the cardiac beat. It is usually due to a vascular lesion or vascular anomaly.
The other major category is sensorineural tinnitus and is generated by the sensorineural auditory system. This is the most common type of tinnitus and the least well understood. It may be caused by cochlear and retrocochlear lesions, ototoxic drugs, cardiovascular problems, metabolic disorders, neurologic problems, other systemic disorders and noise. Its etiology can range from hair-cell destruction to a brain tumor. The differential diagnosis must include, but not be limited to, metabolic disorders, such as hyperthyroidism and hypothyroidism; cardiovascular disease such as hypertension; neurotoxic drugs such as aminoglycosides, loop diuretics, salicylates, tricyclic antidepressants, cochlear and retrocochlear lesions; Bell's Palsy and many other central nervous system lesions.
The traditional separation of tinnitus into objective and subjective, that respectively heard or not heard by the examiner, is of limited value. While in most cases objective tinnitus parallels middle-ear tinnitus, in other cases the same disease might result in a tinnitus which is subjective in one patient and objective in another (Tyler & Babin, 1986) . Tinnitus must also Occupational and recreational noise exposure probably cause more cases of tinnitus than allother etiologies combined.
be differentiated from auditory hallucinations, for example, voices or music, which may suggest psychologic disturbances, tumors or other central nervous system lesions.
Noise-induced tinnitus is sensorineural in type and most likely results from a cochlear lesion secondary to noise exposure.
PREVALENCE
Thirty-two percent of the adult population in the United States report having had tinnitus at some time (National Center for Health Statistics, 1980) . Over 90% of patients reporting tinnitus have some type of otologic problem and approximately 50% of these have a noise-induced hearing loss (Schleuning, 1982) . Chuden (1981) reported that the frequency of tinnitus in noise-induced hearing loss is 35%. The prevalence of tinnitus increases with age in both noise exposed and non-noise exposed populations (Coles, 1984b) up to the age of 70 (Reed, 1960) .
EVALUATION
A complete history and physical examination must be performed to rule out the presence of other more life-threatening diseases, such as acoustic neurinomas, meningiomas, and other central nervous system lesions. The history should include information regarding associated hearing loss, vertigo, aural fullness, head trauma, time of onset, mode of progression, history of noise exposure and family history-all are essential in the evaluation. Patients should also be asked about cardio-vascular disorders such as hypertension (Schleuning, 1982) ; metabolic disorders including hyperthyroidism and hypothyroidism; history of anemia; neurotoxic drugs such as aminoglycosides, loop diuretics, salicylates and tricyclic antidepressants. This is followed by a complete medical examination with blood pressure and consultation witn an otolaryngologist for neurotologic examination. The audiometric assessment generally plays a substantial part in the evaluation. Laboratory tests may include a complete blood count, thyroid profile, serologic test for syphilis and a blood glucose level. If a retrocochlear lesion is suspected, auditory brainstem evoked response testing and/or computerized axial tomography may be indicated.
Many patients have great concern regarding the medical significance of their tinnitus (Shulman, 1984) . They often suspect the worst possible diagnosis, such as a brain tumor. Reassurance may be a significant part of the treatment.
In summary, the evaluation must be complete enough to rule out other diseases that may cause tinnitus. The evaluation should distinguish sensorineural from middle ear tinnitus, particularly because the latter can be treated with surgery or medicine (Tyler & Babin, 1986) .
TREATMENT
In general, treatment is directed toward the cause of the symptom. This article will focus on the treatment of tinnitus associated with NIHL. To begin with, there is no universally accepted cure for tinnitus. Many treatment modalities exist and have proven helpful to some tinnitus sufferers.
Medication
Several groups of drugs have shown some potential for the treatment of tinnitus, but no set protocol for drug treatment is currently available. Drugs currently under investigation include anesthetics, antidepressants and vasodilators .
Antidepressants. These drugs are used to help the patient tolerate the symptom when their tinnitus is severe. Amitriptyline is one of the antidepressants used to relieve patient's stress, which often results in exacerbation of their tinnitus (Hatangdi, Boas, & Richards, 1976; Melding & Goodey, 1979) .
Anesthetics. Anesthetics have bot] peripheral and central sensorineural block-ing action. Martin and Coleman (1980\ noted an improvement in approximately two thirds of their patients following th.
intravenous administration of lidocaine. However, other investigators have reported an increase in the severity of tinnitus in nearly one third of their patients following treatment (Duckert & Rees, 1981) . Lidocaine is also of limited value because the relief lasts for only moments to hours. Tocainide hydrochloride, an oral analog of lidocaine, can be taken orally and has a longer duration of action. Emmett and Shea (1980) found relief of tinnitus in four out of six patients treated with this drug while Blayney, Phillips, Guy, and Colman (1985) reported relief in only three out of 32 patients.
Vasodilators. The rationale for the use of these drugs is that tinnitus is associated with cochlear ischemia (Atkinson, 1947) and the vasodilators increase blood flow to the cochlea. Nicotinic acid (Vitamin B 6 ) , a peripheral vasodilator, has been used but has not always been found to help.
The results of these studies vary greatly and many lack good controls.
Hearing Aids and Tinnitus Maskers
External noise can diminish tinnitus. Hearing aids may amplify background noise and mask the patient's tinnitus, or the circuit noise in the hearing aid may act to mask the tinnitus . Tinnitus maskers generate noise and the user can control its level. Some hearing aids have tinnitus maskers built into them. The patient should be informed that this is lot a cure and the tinnitus does not generally go away just by using the masker. Tinnitus maskers have helped some tinnitus sufferers, but the number of patients lhat have been helped is controversial [Mcfadden, 1982; Roeser & Price, 1980) . Regardless of the exact percentage it is still a viable treatment for some.
Biofeedback
The patient learns to relax by using biofeedback techniques. This helps to relieve stress which may lessen the severity of iheir tinnitus. The training program is Jesigned to develop the patient's ability to «ontrol his autonomic (involuntary) nervdus system. House (1978 House ( , 1984 studied crnly patients with severe tinnitus who did •ot gain relief by other treatment modalities. Eighty percent reported improvement following biofeedback treat-lIlent.
Counseling
Many patients may not be helped by any ., the treatment modalities discussed. lounseling may play an important role iñ lping these patients cope with their tin-
The potential problems associated with tinnitus in the workplace include increased absenteeism, frustration, depression, tiredness, and irritabilit}'.
nitus. The patient needs to know that his complaint is a common one. Informing them after appropriate workup that they do not have a life-threatening condition may relieve much of their anxiety. They need to know that there is no one universal cure, but treatment does exist. Addressing these initial problems and making appropriate referrals when needed should prove advantageous for all concerned.
CONCLUSIONS
A correspondence between tinnitus and noise-induced hearing loss has been established. The impact this symptom has on the individual's life varies enormously. Some patients suffer more from the tinnitus than the associated .hearing loss. While tinnitus has recently been the target of much investigation, little is known about this distressing symptom or its total impact on lifestyle and work productivity. Tinnitus due to noise exposure can be prevented by a properly designed and managed hearing conservation program (Kryter, 1985) and by educating the general population regarding the consequences of recreational noise exposure. It may be treated to a limited degree by the use of medications, tinnitus maskers, biofeedback and counseling. Although the mainstem of treatment is prevention, reassurance and discussion regarding treatment options and their limitations are essential. Objective tests to measure the presence or absence of tinnitus and analysis of the relationship between the degree of hearing loss and the severity of tinnitus are needed. It would be useful to know patients who are at high risk of developing tinnitus so that hearing protectors could be provided or the employee removed from noisy environments. The problems of the tinnitus sufferer must be better understood and will be with continued research.
